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Electret non-woven fabric laminated sheet is moulded to honeycomb 
form electret filter. The laminated sheet has following (A) and (B) . 

(A) Electret non-woven fabric which consists of film-unbinding yarn. 

(B) Electret non-woven fabric which consists of melt blown method 
non-woven fabric. 

USE/ADVANTAGE - The filter is used for an air cleaner, an air 
conditioner, a vacuum cleaner, an air filter of a motorcar etc. The 
filter has good dust-collecting property. It has low pressure loss and 
long life of collecting property. 

In an example, electret non-woven fabric was prepd. from 97 pts. 
wt. polypropylene and 3 pts. wt . polypropylene denatured by maleic 
anhydride and (A) and (B) were laminated by heat embossing welding. 
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(54) [TITLE OF THE INVENTION] 

HONEY COMB SHAPED ELECTRET FILTER, AND MANUFACTURING METHOD OF THE 
SAME 

[Honey comb jo electret filter oyobi sono seizohoho] 

(57) [ABSTRACT] 
[PURPOSE] 

To offer a honey comb shaped electret filter showing excellent dust collecting property and low pressure 
loss, and excellent retention of collecting and capturing. performance, and manufacturing method of the 
same. 

[CONSTITUTION] 

A honey comb shaped electret filter comprising an electret converted nonwoven cloth laminate sheet that 
is molded in a honey comb shape, and said nonwoven cloth laminate sheet of said honey comb shape 
electret filter being a laminate sheet having (A) electret converted nonwoven cloth layer comprising film 
split yarn and (B) electret converted nonwoven cloth comprising nonwoven cloth by a melt blown method, 
and manufacturing method of the same. 
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[CLAIMS] 

[CLAIM ITEM 1] , . . u • 

A honey comb shaped electret filter that is prepared by molding a nonwoven cloth lammate that is 
converted to electret in a honey comb shape, wherein said nonwoven cloth laminate sheet being a 
laminate sheet having (A) electret converted nonwoven cloth comprising film split fiber yarn, and (B) 
electret converted nonwoven cloth comprising nonwoven cloth by a melt blown method. 

[CLAIM ITEM 2] 

Manufacturing method of honey comb shaped electret filter includes such processes as; a. process that 
forms an electret converted nonwoven cloth (A) by splitting said electret converted film after forming an 
electret converted film by converting a thermoplastic resin film as electret; and a process that forms an 
electret converted nonwoven cloth (B) by converting a nonwoven cloth of melt blown method comprising 
thermoplastic resin as electret; and a process to form a nonwoven cloth laminate sheet by laminating said 
electret converted nonwoven cloth (A) and electret converted nonwoven cloth (B); and a process to mold 
said nonwoven cloth laminate sheet in a honey comb shape. 

[CLIAMITEM3] . . u • 

The manufacturing method of honey comb shaped electret filter according to the claim item 2, wherein 
said lamination is conducted through a heat embossing melt adhesion method. 

[CLAIM ITEM 4] , . , 

The manufacturing method of honey comb shaped electret filter according to the claim item 2, wherein 
said lamination is conducted through an ultrasonic wave melt adhesion method. 

[CLAIM ITEM 5] 

The manufacturing method of honey comb shaped electret filter according to the claim item 2, wherein 
said lamination is conducted through a needle punch method. 

[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[FIELDS OF INDUSTRIAL APPLICATION] 
This invention relates to a honey comb shaped electret filter and manufacturing method of the same; and 
in particular, it relates to the honey comb shaped electret filter that shows excellent dust collecting 
property, low pressure loss, and excellent retention of collecting and capturing performance, and 
manufacturing method of the same. 

[0002] 

[PRIOR ART] 

The method of manufacturing electret converted nonwoven cloth by molding polyolefin, for instance, 
polypropylene as a nonwoven cloth by a melt blow method and applying direct current high voltage to 
thus given nonwoven cloth to convert this to electret is disclosed in the Japanese Patent Applications 
Kokai Sho 60[1985]-16851 1 and Kokai Hei 2[1990]-197110 publications. 

[0003] 

This electret converted nonwoven cloth is known for its application as a filter by, for instance, forming 
this in a pleated shape and passing a gas glow inside of this to adsorb and remove fine particles such as 
dust, or dirt within said gas flow by an electrostatic force. 

[0004] 

However, the filter that uses electret converted nonwoven cloth is known for the problems of (1) high 
pressure loss, and (2) short life due to clogged particles. 
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A filter that molds said electret converted nonwoven cloth into a honey comb shape has been proposed in 
order to solve thus problems (make reference to the Japanese Patent Application Kokoku [post-examined] 
Sho 59[1984]-51323 and the like). 



[0006] 

[SUBJECTS SOLVED BY THIS INVENTION] 

However, as a result of studies conducted by these inventors, it became clear that even m the case of 
this type of honey comb shaped electret converted filter, it does not necessarily satisfy any of the three 
points including (a) low pressure loss, (2) high collecting and capturing performance, and (3) long life. 
For instance, in the case of a filter for air conditioning purpose, requirements include at most mmAq 
[level of] pressure loss, at least 12% collecting and capturing performance, and life that shows collecting 
and capturing performance of tobacco particles over at least 100 [cigarettes]. 



And therefore, the purpose of this invention is to offer a honey comb shaped electret filter for air 
conditioning purpose that shows low pressure loss and excellent collecting and capturing performance as 
well as life of collecting and capturing performance over long period of time, and method of 
manufacturing such honey comb shaped electret filter. 

[0008] 

[MEASURES USED TO SOLVE THE SUBJECTS] 
This invention solves said subjects with a honey comb shaped electret filter formed by shaping an electret 
converted nonwoven cloth laminate sheet in a honey comb shape, and offers honey comb shaped electret 
filter of which said nonwoven cloth laminate sheet being a laminate sheet having (A) electret converted 
nonwoven cloth comprising film split fiber yarn, and (B) electret converted nonwoven cloth comprising a 
nonwoven cloth of a melt blown method, 

[0009] 

In addition, this invention also offers manufacturing method of honey comb shaped electret filter that 
includes following processes as a method of manufacturing said honey comb shaped electret filter: a 
process to first form an electret converted film by converting a thermoplastic resin film as electret, and 
then, to form an electret converted nonwoven cloth (A) by splitting fiber yarn of said electret converted 
film ; and a process to form n electret converted nonwoven cloth (B) by converting a nonwoven cloth by a 
melt blown method comprising a thermoplastic resin as electret; and a process to laminate said electret 
converted nonwoven cloth (A) and electret converted nonwoven cloth (B) to form a laminate sheet; and a 
process to mold said laminate sheet in a honey comb shape. 

[0010] 

This invention's honey comb shaped electret filter (this will be hereafter referred to as 'this invention's 
filter") and its manufacturing method are further explained below in details. 
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[0011] 

This invention's filter is formed by shaping a laminate sheet having (A) electret converted nonwoven 
cloth comprising film split fiber yam and (B) electret converted [note: original document does not state 
the subject in this tense. Translator's note] comprising a nonwoven cloth of a melt blown method m a 
honey comb shape. These nonwoven cloth (A) and (B) are formed of a thermoplastic resin. The 
thermoplastic resin that may be used is not particularly limited, and it is possible to use various types of 
thermoplastic resins. In particular, use of polyolefin group polymers having polar groups or polyolefin 
composition that includes said polyolefin group polymers is recommended fi-om the standpomt of easy 
electret conversion and excellent retention of charges and collecting and capturing performance. The 
polyolefin group polymers having polar groups or polyolefin composition include single polymers such as 

(A) copolymers of monomer having polar groups and a-olefin, 

(B) modified polyolefin to which side chain or main chain of polyolefin, polar groups are induced through 
oxidation or halogenation, 

( C) modified polyolefin prepared by graft copolymerizing polyolefin or said (B) polymer and monomers 
having polar group, 

(D) mixture of unmodified polyolefin and at the least one type selected firom said (A), (B) and ( C) ; or 

composition having mixture of these as the main components. At this time, when polyolefin composition 
happens to include modified polyolefin and unmodified polyolefin, the modified polyolefin and 
unmodified polyolefin may be of mutually the same or varied polyolefins, 

[0012] 

As for the polar groups which are included in said polyolefin group polymers or polyolefin composition 
that includes said polyolefin group polymers, for instance, halogen atoms such as chlorine atom, fluorine 
atom, bromine atom, or iodine and the like; atom groups of carbonyl group, or nitro group and the like; 
or groups shown with formulas below may be mentioned. 

.COOCH3, -COOC2H5, .OCOCH3, -OC2H5, -OCH2C6H5. -COOH, -OH, -NH2, -CONH2, -COONH4, 
[0013] 

[CHEMICAL FORMULA 1] 
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Either one or more than two types of these polar groups may be included in said polyolefin group 
polymers or polyolefin composition. Said polyolefin group polymers or polyolefin composition that 
includes said polyolefin group polymer will be hereafter referred to as "polyolefin group composition". 

[0015] 

In addition, concrete examples of said (A) copolymers of monomers having polar groups and a*olefin 
includes copolymers of pentabromo phenyl methacrylate that has the group shown with formula (iii), or 
2,4,6-trobromo phenyl methacrylate that has group shown with formula (iv), or trifluoro ethyl 
methacrylate that has group shown with formula (v) and the like, and a-olefin such as ethylene or 
propylene and the like. 

[0016] 

Furthermore, concrete examples of (B) modified polyolefin prepared by mducmg polar groups to either 
side chain or main chain of polyolefin through either oxidation or halogenation include the ones which 
are subjected to such treatments as an oxidation by reacting polyethylene or polypropylene and the like 
with ozone or nitrogen monoxide and the like, or a surface oxidation by a corona discharge treatment to 
form carbonyl group or nitro group within molecules; or the ones of which polyolefin is chlorinated to 
induce chlorine atoms into molecules. 

[0017] . . r 

In addition, concrete examples of ( C) modified polyolefin prepared by graft copolymerization of 
monomers having polar groups include modified polyolefin that is modified with monomer modifier of at 
the least one type selected fi-om unsaturated carboxylic acid or its derivatives. 



Said modified'polyolefin or polyolefin having'the major component of unmodified polyolefin is single 
polymer of a-olefin, copolymers comprising more than two types of a-olefin, or mixture of more than two 
types selected from these. As a-olefin, for instance, ethylene, propylene, 1-butene, 1-ptentene, 1-hexene, 
isopentene. 4-methyl-l-petnene, 3-methyl-l-pentene, 1-octene, 1-decene, 1-hexadecene, 1-octadecene, or 
1 -eicosene and the like may be mentioned. 



Concrete examples of these polyolefin, polyethylene, polypropylene, poly- 1-butene, poly-4-methyl-l- 
pentene, ethylene, propylene copolymer, ethylene. 1-butene copolymer, ethylene. 4-methyl-l-pentene 
copolymer, propylene. 1-butene copolymer, or 4-methyI-l-pentene. 1-decene copolymer and the like may 
be mentioned. Among these examples, use of polypropylene, poly- 1-butene, poly-4-methyl-l-pentene, in 
particular is recommended fi-om the standpoint of high strength, and easy adjustment to appropriate melt 
viscosity, and easy molding by a melt blow method; and in particular, polypropylene is most 
recommended fi-om the standpoint of reasonable cost, easy molding, and easy conversion to.electret. 

[0020] 

In addition, as these polyolefin shows appropriate flow characteristics, it provides easy manufactunng to 
manufacture a nonwoven cloth by a melt blow method ; and their should be generally within a range 
of 0.5 - 3 dl/g, or more preferably, 0.7 - 1.5 dl/g, and most preferably, 0.8 ~ 1.3 dl/g from the standpoint 
of providing a nonwoven cloth with excellent strength. According to this invention, [ti] refers to the value 
that is measured in decalin at 135°C . 
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[0021] 

The ( C) modified polyolefin is modified by a graft copolymerization of said polyolefin and at the least 
one type of monomer modifier selected firom unsaturated carboxylic acid and its derivatives. It is 
preferable to use the polyolefin that is either identical or well miscible polyolefin with unmodified 
polyolefin as said modified polyolefin. For instance, when using a composition that includes modified 
polyolefin and unmodified polyolefin as the components of polyolefin group composition, if polypropylene 
is used as said unmodified polyolefin, it is better to use polypropylene as a raw material of polyolefin of 
the graft modified polyolefin. 

[0022] 

As unsaturated carboxylic acid or its derivatives which are used as modifier monomers to graft modify 
said ( C) modified polyolefin, for instance, unsaturated carboxylic acid, its anhydride, ester, amide, imide, 
or chloride and the like may be mentioned. 

[0023] 

Concrete examples of said unsaturated carboxylic acid and its derivatives mclude acrylic acid, 
methacrylic acid, vinyl acetate, ethyl acryl acetate, 2,4-pentadienoic acid, carboxy styrene, maleic acid, 
fiimaric acid, itaconic acid, citraconic acid, allyl succinic acid, mesaconic acid, glutaconic acid, Nadic 
acid, methyl Nadic acid, tetrahydrophthalic acid, methyl acrylate, ethyl acrylate, butyl acrylate, methyl 
methacrylate, ethyl methacrylate, butyl methacrylate, monomethyl maleate, dimethyl maleate, monoethyl 
maleate, diethyl maleate, monomethyl fumarate, dimethyl fiimarate, monoethyl ftimarate, diethyl 
fiimarate, monomethyl citraconate, dimethyl citraconate, monoethyl citraconate, diethyl citraconate, 
monomethyl Nadate, dimethyl Nadate, monoethyl Nadate, diethyl Nadate, glycidyl acrylate, glycidyl 
methacrylate, maleic acid anhydride, itaconic acid anhydride, citraconic acid anhydride, methyl 
hexahydrophthalic acid, 3,6-endo methylene phthalic acid anhydride, methyl tetrahydrophthalic acid 
anhydride,acryl amide, methacryl amide, monoamide maleate, diamide maleate, maleic acid-N-monoethyl 
amide, maleic acid-N,N-diethyl amide, maleic acid-N-monobutyl amide, maleic acid-N,N-diethyl amide, 
monoamide fiimarate. diamide ftimarate, fiimaric acid-N-monoethyl amide, fiimaric acid-N,N-diethyl 
amide, fiimaric acid-N-monobutyl amide, fiimaric acid-N,N-dibutyl amide, maleimide, N-butyl 
maleimide, N-phenyl maleimide, sodium acrylate, sodium methacrylate, potassium acrylate, or potassium 
methacrylate and the like. These may be used either alone or as mixture of more than two types. Use of 
maleic acid anhydride is recommended among these. 

[0024] 

As for the method of adjusting ( C) modified polyolefin through a graft copolymerization of above- 
explained modifier monomer with polyolefin, already known various methods may be used. For instance, 
it may be conducted by a method that heats and react polyolefin and modifier monomer with or without 
addition of radical polymerization initiator in presence or absence of solvent to high temperature. In 
addition, during such reaction, it is all right when other vinyl monomers such as styrene and the like are 
in coexistence. 

[0025] 

Content of modifier monomer in the ( C) modified polyolefin, in other words, grafting ratio of ( C) 
modified polyolefin generally adjusted to at most 3 mole %, or more preferably, it is recommended to 
adjust to at most 1.5 mole %. In particular, when forming nonwoven cloth (A) and/or nonwoven cloth (B) 
by using modified polyolefin along as polyolefin group composition, it is recommended that the grafting 
ratio of at most 1 mole %. 

[0026] 
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In addition, intrinsic viscosity (135°C decalin) of said ( C) modified polyolefin should be generally 0.1 ~ 
3 0 dl/g, or more preferably, 0.3 - 2.0 dl/g, and most preferably, 0.5 - 1.5 dl/g from the standpomt of easy 
uniform mixing with unmodified polyolefin and appropriate flow characteristics, and easy manufacturmg 
of nonwoven cloth of a melt blown method. 



[0027] 

According to this invention, when polyolefin group composition that includes unmodified polyolefin and 
modified polyolefin is used as the main material for said nonwoven cloth (A) and nonwoven cloth (B), 
content ratio of modified polyolefin/unmodified polyolefin in said polyolefin group composition based on 
by weight is generally about 0.1/99.9 - 20/80, or more preferably, about 1/99 ~ 5/95. 

[0028] . . u u 'A 

In addition, it is all right to compound various additives in polyolefin group composition other than said 
modified polyolefin and unmodified polyolefin at such range so not to ill affect the purpose of this 
invention. As said additives, for instance, antioxidants, UV ray absorbents, pigment, dye, nucleatmg 
agents, fillers, slip agents, antiblocking agents, lubricant, flame retardant, or plasticizers and the like may 
be mentioned. 

[0029] _ . 

Furthermore, adjustment of polyolefin group composition may be conducted in accordance with various 
ordinary methods. For instance, this may be conducted in accordance with a method that first mix said 
modified polyolefin and/or unmodified polyolefin, and various additives as needed, and then subject this 
to a fusion kneading. As kneader which may be used, for instance, ribbon blender, V-type blender, 
tumbler, Henschel mixer and the like may be mentioned. In addition, fiision kneading may be conducted 
by using, for instance, single or biaxial extruder, Banbury mixer, kneader, or dual roll and the like. 

[0030] 

The laminate sheet that constitutes this invention's filter has a (A) nonwoven cloth formed of 
thermoplastic resin of which representative example if said polyolefin group composition, and (B) 
nonwoven cloth, and nonwoven cloth (A) comprises film split yarn, and nonwoven cloth (B) comprises 
nonwoven cloth of a melt blown method; and the nonwoven cloth that constitutes both layers are 
converted to electret. The nonwoven cloth (A) and nonwoven cloth (B) may be formed of a thermoplastic 
resin of identical components or thermoplastic resin of varied components. 

According to said nonwoven cloth (A), it is formed of film split yarn, and its manufacturing method is 
not particularly limited as long as it is manufectured by splitting of a thermoplastic resin film. For 
instance, thermoplastic resin of which representative example is said polyolefin group composition is 
fused in an extruder, and is extruded from an annular die to form a film. This film is then, cut to a set 
width by a slitter, or said film is drawn at higher rate than its elongation ratio to split this to manufacture 
said split yarn. Then, thus split yarn is uniformly dispersed in the width direction of the sheet by using a 
device such as , for instance, a carding and the like, and then, it is preferably press adhered with an 
emboss roll and the like to manufacture this. 

[0032] 

This nonwoven cloth (A) is the electret converted nonwoven cloth showing 20 - 60 ^im average liber 
diameter of single fiber, and 10 ~ 30 g/m' Metsuke [basis weight], 0.05 ~ 0.2 g/cm^ bulk density, and at 
least 0.1 x 10-' Coulomb /cm^ average surface charge density. At this time, average fiber diameter of 
single fiber is the value that is sought by photographing a surface of fibre specimen with an electron 
microscope (500 x magnification) and selecting 30 fibre optionally on thus given photograph to measure 
fiber diameter of each fiber through use of caliper and the like, and calculating the average value of thus 
measured values of each fiber diameter. 
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In addition, electret conversion treatment of the nonwoven doth (A) may be conducted either during film 
molding, or nonwoven cloth may be converted to electret after molding of said nonwoven cloth. When 
this is conducted during film molding, as electret conversion efficiency is excellent, it provides better 
collecting and capturing performance compared to those by electret conversion of nonwoven cloth after 
molding, and is desirable. 

[0034] 

Electret conversion may be conducted by applying direct current voltage to a nonwoven cloth or a film. 
Direct current voltage value that is applied may be selected appropriately in accordance with shape of 
electrodes used, distance between electrodes and the like, and charge rate required for the electret 
converted nonwoven cloth, and treatment speed and the like. For instance, when distance between 
electrodes is 8 mm, it may be conducted by applying at the least -5 kV, or more preferably, -6 - -20 kV 
direct current voltage to the nonwoven cloth. 

[0035] 

Application of direct current voltage may be conducted by any. methods with no particular limitation. 
For instance, a method of application by passing nonwoven cloth or film between one pair of electrodes to 
which direct current voltage is applied; or a method to apply corona discharge or pulse-form high voltage 
on the surface of nonwoven cloth; or a method to hold front and back planes of nonwoven cloth with other 
dielectric to apply direct current high voltage to both planes may be used. 

[0036] 

Furthermore, the nonwoven cloth by melt blown method that constitute said nonwoven cloth (B) is 
prepared by first supplying a thermoplastic resin, or more preferably, said polyolefin group composition, 
to an extruder to heat, fiise, and knead, and by extruding as fine resin flow ft-om a die for melt blow 
purpose having multiple numbers of fine pores. Thus extruded resin flow is contacted with a high speed 
hot gas flow to quench and solidify to form discontinuous fibre with fine fiber diameter, and said fibre is 
accumulated on a porous support body. 

[0037] 

Heating temperature for fiision and kneading of the polyolefin group composition may be appropriately 
adjusted in accordance with the melt point of polyolefin that is the major component of polyolefin group 
composition. It is recommended to generally set to about 200 - 350**C, or in particular, within a range of 
220 ~ 30O'*C from the standpoint of not causing lower molecular weight through Gensei [transliteration, 
may be a misprint of decay meaning Gensui, translator's note] of the polyolefin , provision of nonwoven 
cloth showing good mechanical strength, and appropriate fiision viscosity of the fiised polyolefin group 
composition to allow an easy fiision molding. 

[0038] 

Fusion kneading and extrusion discharge rate of polyolefin group composition is generally about 10 - 
130kg/hr. 

[0039] 

In addition, the die for melt blow purpose that is used has multiple numbers of fine pores to discharge 
fiised polyolefin group composition at its top end of lip part; and generally it shows width of 1000 - 2000 
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mm. These pores are ananged at top end of lip part in the numbers of generally 800 - 3000 pieces; and 
pore diameter is generally about 0.5 mm. 



[0040] ^ ^ 

Furthermore, said fiised polyolefin group composition is contacted with a high speed and heated gas in a 
melt blow die, and this is made to split while it is drafted in a fused state and is drawn in the direction of 
fiber length, and at the same time, narrowing of fiber diameter progresses. And to do so, the melt blow 
die is equipped with a device that allows an introduction of high speed and heated gas flow, and contacts 
said ftised polyolefin group composition with this heated gas flow at either inside or outside of the die to 
mold a discontinuous form single fiber. This device may be arranged in such manner that an outlet for 
heated gas flow is arranged inside of the melt blow die, or an outlet of heated gas flow may be arranged at 
outside of top end lip of the melt blow die to allow said heated gas flow to blow against the fiised 
polyolefin composition . 

[0041] r ^^ 

Heated gas is not particularly limited; and heated air is generally used fi-om the standpoint of cost; and it 
is all right to use heated inert gas for purpose of preventing degradation of polyolefin group composition. 
Temperature of heated gas flow is generally 200 ~ 360°C, or more preferably, 230 - 310°C; and it is 
desirable that the temperature is at the least higher by about 10°C than the temperature of fiised polyolefin 
composition. In addition, flow speed of the heated gas flow is generally 100 - 600 m/sec, or more 
preferably, about 200 - 400 m/sec. 

[0042] 

Fine discontinuous form of single fiber discharged fi-om the die for melt plow may be accumulated on a 
porous support body to obtain a web-form nonwoven cloth of melt blown method. As this porous support 
body, for instance, mesh structure and the like made of stainless steel, or polyester and the like may be 
used. 



[0043] 

According to this nonwoven cloth (B), average fiber of single fiber [note: original document does not 
state average fiber diameter, may be an omission, translator's note] is generally about 0.5 - lOp. m, or 
more preferably, within a range of 1 - 6 fim, and fiber length is generally about 50 - 400 mm. In 
addition, bulk density is about 0.05 - 0.40 g/cm^ and Metsuke [basis weight] is generally about 5-100 
g/m^ or more preferably within a range of 10 ~ 80 g/xr? fi-om the standpoint of providing a nonwoven 
cloth with appropriate aeration and high strength, and less uneven Metsuke [basis weight] at local 
regions. 

[0044] 

Furthermore, although thickness of nonwoven cloth (B) is determined in accordance with Metsuke [basis 
weight] and bulk density, it is generally about 0. 1/0.7 mm. 

[0045] 

Electret conversion of this nonwoven cloth (B) may be conducted in the same manner as explained in the 
electret conversion of said nonwoven cloth (A). 



[0046] 

Furthermore, as for the average surface charge density of the nonwoven cloth (B), it is generally at least 
0.1 X 10"^ Coulomb/cm\ or more preferably, 0.3 - 5 x lO '' Coulomb/cm\ 
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[0047] 

In addition, as for the limit viscosity [ti] (135oC , decalin) of thermoplastic resin that forms said single 
fibre which are the constituting material of the electret converted nonwoven cloth (B), it is 0.3 - 1.5 dl/g, 
or more preferably, 0.5 - 1.0 dl/g. 



[0048] 

The laminate sheet that constitutes this invention's filter has said nonwoven cloth (A) and nonwoven 
cloth (B). The layer constitution of the laminate sheet may be not only nonwoven cloth (A)/nonwoven 
cloth (B), but also nonwoven cloth (B)/nonwoven cloth (A)/nonwoven cloth (B), and nonwoven cloth 
(A)/nonwoven cloth (B)/nonwoven cloth (A); and laminate structure that provides nonwoven cloth 
(A)/nonwoven cloth (B) is best recommended fi-om the standpoint of attaining this invention's purpose. 

[0049] 

In addition, preferred thickness of the nonwoven cloth (A) in the laminate sheet is 0.1 - 0.5 mm, and 
preferred thickness of nonwoven cloth (B) is 0.1 - 0.7 mm; and preferred thickness of entire laminate 
nonwoven cloth sheet is 0.2 - 1 mm. 

[0050] 

As for the manufacturing of laminate sheet, it can use a method that forms said nonwoven cloth (A) and 
nonwoven cloth (B) in each roll form, and then, feeding each nonwoven cloth firom said rolls at the same 
speed to supply to a lamination and integration device to laminate these, and thus given laminate sheet is 
taken op. In addition, a method that introduces nonwoven cloth (B) to a molding device at the same time 
of molding said nonwoven cloth (A) to laminate both may be also used. 

[0051] 

As for the device that is used to laminate and integrate two nonwoven cloth, for instance, hot roll or 
ultrasonic wave melt adhesion and the like may be mentioned. According to the hot roll method, it is 
recommended to conduct a lamination treatment on both nonwoven cloth sheets with emboss roll heated 
to 110°C - 140°C. In addition, in the case of ultrasonic wave melt adhesion, it is recommended to 
conduct lamination under such conditions as 10-50 kHz frequency and 2~ 4 kg/cm^ hone pressure. 
Among these lamination methods, heat embossing melt adhesion method with less charge loss is better 
recommended firom the standpoint of possible attainment of laminate sheet showing high rigidity of 
molded body and good honey comb shaping property. 

[0052] 

This invention's filter is formed by molding said laminate sheet in a honey comb shape. As for the 
method of molding this laminate sheet in a honey comb sheet, it is not particularly limited; and for 
instance, it is all right to use a method to first slit said laminate sheet to set width, and folds or bends 
continuously to form pleats over entire plane of the nonwoven sheet to provide thickness while forming a 
structure showing multiple continuous voids, in other words, honey comb shaped cells. Mutual contact 
adhesion of laminate sheet is recommended in a form of mutual anchoring through adhesive agent or 
melt adhesion of the laminate sheets mutually. 

[0053] 

According to the manufacturing method of this honey comb shaped cells, as illustrated in the Figure 1 
(a), it may be conducted with such method that first continuously folds a laminate sheet (1) having 
nonwoven cloth (A) and nonwoven cloth (B) to prepare the first sheet (4) having continuous multiple 
numbers of hills (2) and valleys (3). This first sheet (4) is piled on a flat second sheet (5) comprising 
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nonwoven cloth (A) and nonwoven cloth (B) to adhere bottom portion (6) of the valleys (3) with the 
surface of second sheet (6) to prepare a constitution unit (7) as illustrated in the Figure 1 (b). Then, after 
preparing prescribed numbers of constitutional units (7) , as illustrated in the Figure 1 ( c) first 
constitutional unit (70 and second constitutional unit (72) are laminated, and top part (8) of the hill (2) of 
the first constitutional unit (70 is adhered to the bottom surface of second constitutional unit (72), and 
fiirthermore, third constitutional unit (73) is laminated on the second constitutional unit (72) in the same 
manner, and top part of the hill of second constitutional unit (72) is adhered to the bottom surface of the 
third constitutional unit (73) . This lamination and adhesion processes are repeated, or combination of 
one pair of laminate of first sheet (4) and second sheet is formed in multiple numbers, and said 
combination pair is piled in prescribed number of sheets to form a structure having multiple numbers of 
honey comb shaped cells (9). 

[0054] 

According to this invention's filter, thickness of the honey comb is 5 ~ 20 mm, and shape of unit cell of 
honey comb is as illustrated in the Figure 1; and in general, the cell height is 1 - 5 mm, and bottom side 
of the cell is 2 ~ 10 mm, 

[0055] 

[EXAMPLES] 

Examples are described to provide fiirther specific explanation of this invention; however, this invention 
should not be limited to these examples providing gist of this invention is not superseded. 

[0056] 

(EXAMPLE 1) 

Polyolefin composition (composition 1) was adjusted by mixing 97 parts by weight polypropylene (A) 
showing 0.91 g/cm^ density and 800 g/10 minutes MFR (ASTM D 1238), and 3 parts by weight maleic 
acid anhydride modified polypropylene (B) (graft rate of maleic acid anhydride : 2.7 weight %, intrinsic 
viscosity: 0,3 dl/g) in a tumbler blender. Content of maleic acid anhydride in this composition 1 was 3.9 x 
10-^ mole %. 

[0057] 

Then, this composition 1 was thrown into a uniaxial extruder with 65 mm ^ screw diameter; and this 
was fiised at 310''C, and it was discharged at 20 kg/hr discharge rate firom a die for melt blow purpose that 
is connected to a top end of the extruder, and at the same time, it was taken up at 13m/min take up speed 
to form a nonwoven cloth of melt blown method. The die for melt blow that was used has opening of two 
rows of molding pores (pore diameter : 0.5 mmcf), pore distance: 0.8 mm) which are arranged over an 
entire width of the die (die width : 1.3 m). In addition, during this molding, 320"C. heated air was 
injected to the die for melt blow at 500 m^/hr flow rate. 

[0058] 

Thus given nonwoven cloth of melt blown method showed 0.49 mm thickness, 30g/m Metsuke [basis 
weight], and 0,067 g/cm^ bulk density. In addition, when fibre which constitute nonwoven cloth of melt 
blown method were observed through a microscope to measure average fiber diameter, it was 4 \m. In 
addition, the [t]] of resin which forms the fibre was 0.58 dl/g. 

[0059] 

Then, this nonwoven cloth of melt blown method was continuously passed through electrode application 
device having 2 rows of needle-form electrodes arranged at 5 mm distance in lengthwise direction while 
applying direct current voltage of -18 kV at 20 m/min speed to manufacture an electret converted 
nonwoven cloth of melt blown method. 

[0060] 
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When average surface charge density of thus given electret converted nonwoven cloth of melt blown 
method was measured, it was 1.2 x 10'' Coulomb/cm'. Furthermore, measurement of this average surface 
charge density was conducted by using a surface charge density measuring device made by Rikagaku 
Kenkyusho to contact electrode probe v^th 1 cm^ area with the surface of said nonwoven cloth. 

[0061] 

A resin composition was adjusted by mixing 9000g of polypropylene (made by Mitsui Petrochemical 
Industry Kabushiki Kaisha, Hipole B200 [transliteration] MFR: 0.5g/10 minutes), 500 g of polycarbonate 
(made by General Electric Co., Lexane 101 [transliteration]), and 500 g of maleic acid anhydride 
modified polypropylene (modification rate of maleic acid anhydride graft : 3 weight %). 



[0062] 

Thus given resin composition was fed to an inflation film molding machine (made by Toshiba Kikai 
Kabushiki Kaisha), and this was molded at 240° C to give a film with 30 ^im thickness. Then, this film 
was drawn by 6.6 x draw magnification rate in longitudinal direction with a hot plate heated to 135°C to 
give a drawn film. Then, thus drawn film was supplied to corona discharge electrodes to apply a charge 
treatment at -9 kV applied voltage (direct current), gap of electrodes: 8 mm, residence time 0.5 second; 
and then, this was placed on pin cushion-like roll to split in a net form, and thus given electret converted 
split yarn was taken out on a paper tube. This electret converted split yam was cut to 90 mm with a 
cutter, and this was opened by an opening machine to give electret converted raw cotton. 

[0063] 

Then, this electret converted raw cotton was fed to a web forming machine to be molded as a web. 
[0064] 

This web and said electret converted nonwoven cloth of melt blown method were supplied to a heat 
emboss roll set at 130oC to paste together through bonding to give a laminate sheet of electret converted 
nonwoven cloth showing Metsuke [basis weight] : 25 g/m^, and thickness of 0.32 mm. 

[0065] 

Then, this laminate sheet was manufactured as a honey comb shaped electret filter comprising 30 states 
of honey comb shaped sheets having 70 honey comb cells with 4.2 mm bottom side and 2.7 mm height by 
the processes illustrated in Figures 1 (a) through ( c) . 

[0066] 

Collecting and capturing efficiency of this filter for testing purpose was measured by the method 
explained below. Results of measurement are shown with average value of 5 measured values at each 
time. Results are shown in the Table 1. . 

[0067] 

MEASUREMENT OF COLLECTING AND CAPTURING EFFICIENCY 
Collecting and capturing efficiency was measured by using a device of which schematic drawing is 
illustrated in the Figure 2. First of all, NaCl particles (particle diameter : 0.3 ^m) was supplied ft-om an 
aerosol generator (made by Nihon Kagaku Kogyo Kabushiki Kaisha) (11) to a chamber (13) to which, 
clean air was introduced through an air filter (12). After concentration of NaCl reaches set level (2 - 6 x 
10^ pieces/cm^) within said chamber, a suction device (14) was used to suction in arrow marking A 
direction through filter specimen (15) that was arranged at the bottom part of the chamber (13), and NaCl 
particle density Cin and Cout at top flow (16) and down flow (17) side were each measured by particle 
counters (made by Rion K.K., KC-OIB) (18a), (18b) when passing wind velocity of the filter reached set 
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speed (v = 10 cm/sec) to seek collecting and capturing efficiency by an equation shown below. (19) shows 
flow speed meter, and (20) shows flow rate regulating valve. 

* Collecting and capturing efficiency E ^ (1 - Cout /Cin) x 100 [%] 



[0068] 

MEASUREMENT OF FILTER LIFE 
This was conducted at the same time of collecting and capturing efficiency measurement by using a 
dififerential pressure gauge (made by Yamatake Honeywell, KD146). 

[0069] 

MEASUREMENT OF FILTER LIFE 

As illustrated in the Figure 3, a device within which acryl resin made box (21) showing 1 m^ inner 
capacity, commercially available air conditioner (made by Matsushita Denki K.K., Eoria [transliteration]) 
(22) and stirring fen (23) are installed was prepared on hand. Then, a filter for testing purpose was set 
within an air conditioner, and smoke that is generated by burning of cigarettes was injected into the box 
(21), and then, decay of smoke concentration was measured by using a powder dust gauge (made by 
Shibata Kagaku K.K., P-5). Life of the filter was identified in such manner by first injecting smoke 
caused by burning 1 cigarette into the box (21) that is in such state that filter is not set in the air 
conditioner, and then, by operating said air conditioner (22) to seek half-life when initial concentration 
reached to regard this value as a blank. Prescribed number of cigarettes are burned to collect and 
capture the smoke that is generated fi-om these in a filter, and cumulative number of cigarettes burnt 
when half-life of amount of powder dust within said box reaches V^ of the difference between blank value 
and initial value is identified as the life of filter. 

[0070] 

(EXAMPLE 2) 

An electret converted nonwoven cloth was manufactured in the same manner as explained in the 
example 1 by changing the compounding ratio of polypropylene (A)/(maleic acid anhydride graft modified 
polypropylene (B) to 95/5 firom that of the composition 1 explained in the example 1; and a filter was 
prepared. The content of maleic acid anhydride in the composition that was used to prepare said filter 
was 6.5 X 10"^ mole %. Thus given filter showed 0.065 g/cm^ bulk density, 1.4 x 10"^ Coulomb /cm^ of 
average surface charge density, 0.57 dl/g of [t]] of the resin that forms fibre, and 4(im of average fiber 
diameter. In addition, initial performance of the filter and life of tobacco were also measured. Results are 
shown in the Table 1. 

[0071] 

(EXAMPLE 3) 

A filter was prepared in the same manner as explained in the example 1 by using a laminate nonwoven 
sheet prepared by lamination of electret converted nonwoven cloth (A) prepared by ultrasonic wave 
treatment (treatment conditions: hone pressure; 2,6 kg/cm^ fi^equency; 20 kHz, treatment speed; 25 
m/min) instead of the filter given by tlie method explained in the example 1, and electret converted 
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non woven cloth (B) ; and initial performance of such filter and life of tobacco were measured. Results are 
shown in the Table L 

[0072] 

(COMPARATIVE EXAMPLE 1) 

A honey comb shaped electret filter was manufactured in the same manner as explained in the example 1 
by using only the electret converted nonwoven cloth formed of split fiber yarn instead of filter used in the 
example!. Bulk density of thus given filter was 0.092 g/cm^ and Metsuke [basis weight] was 25g/cml 
In addition, initial performance of the filter and life of tobacco were measured. Results are shown in the 
Table 1. 



[0073] 

(COMPARATIVE EXAMPLE 2) 

A honey comb shaped electret filter was manufactured in the same manner as explained in the example 1 
by using only the electret converted nonwoven cloth (B) given by a melt blown method instead of the 
electret filter explained in the example 1 . Bulk density of thus given filter was 0.067 g/cm\ and Metsuke 
[basis weight] was 25 g/cm^, and average surface charge density was 1.3 x 10*' Coulomb/cm^. In 
addition, initial performance of the filter and life of tobacco were measured. Results are shown in the 
Table 1. 

[0074] 

TABLE 1 FILTER PERFORMANCE 

AP (mmAq) E (%) life (number of cigarettes) 



example 1 0.5 13.2 .50 

2 0.5 14.1 50 

3 0.7 12.2 60 
comparative example 

1 0.5 14.3 6 

2 1.1 8.8 80 



[0075] 

[EFFECTS OF THIS INVENTION] 

This invention's honey comb shaped electret filter comprising at least 2 layers of said nonwoven cloth 
(A) and nonwoven cloth (B); and it shows lower pressure loss as well as excellent collecting and 
capturing performance compared to that of conventional honey comb shaped electret filter comprising 
nonwoven cloth of melt blown method. In addition, it shows long life of excellent collecting and 
capturing performance is excellent when compared to that of the conventional filter constituted of 
nonwoven cloth comprising split fiber yam. 

[0076] 

Aiid therefore, this invention's honey comb shaped electret filter may be used favorably as air filters for 
air conditioners, air cleaners, cleaning machine, fan heater, air conditioning machines for general use, 
and interiors of the automobiles. 

[0077] 
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In addition, as this invention's honey comb shaped electret filter not only shows high collecting and 
capturing performance of initial time, but also shows lasting collecting and capturing performance to 
indicate long filter life when it is used as an air filter, it is usefiil, 

[BRIEF EXPLANATION OF THE DRAWINGS] 
[FIGURE 1] 

It shows an explanatory view of main processes of manufacturing method of this invention*s honey comb 
shaped electret filter. 

[FIGURE 2] 

It shows a schematic view that explains method of measuring collecting and capturing efficiency 
conducted in this invention's examples as well as comparative examples. 

[FIGURE 3] 

It shows a schematic view that explains method of measuring life of the filter conducted in this 
invention's examples as well as comparative examples. 



[DESCRIPTION OF CODES] 

1 laminate sheet, 2 hills, 3 valleys, 4 first sheet, 5 second sheet, 6 bottom part of the valley (3), 7 
constituting unit, 8 top part of the hill (2), 9 honey comb shaped cell, 1 1 aerosol generator, 12 air filter, 
13 chamber, 14 suction equipment, 15 filter specimen, 16 top flow of filter specimen (15), 17 down 
flow of filter specimen (15). 18a, 18b particle counter, 19 flow meter, 20 flow-rate regulating valve, 21 
box, 22 air conditioner, 23 stirring fan 

Figures 1 through 3 
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(57) [Abstract] 

[Objective] It was superior in dust collecting property, at same ti 
me, pressure loss was low, wassi5)eriar in retention of trqjping. 
performance, oflFer of honeyconl) electret filter and its 
manufacturing method 

[Constitution] Being a honeyconi) electret filten^liich iwnwov 
en fabric laminated dieet which electret formation is done 
fonring in honeyconi), It is a laminated sheet which it 
possesses aforementioned rK)nwoven fabric laminated sheet, 
electretKX)n\^ednonwoven fabric layer which consists of 
filmsplitfiberyam(A),and electret-convertednonwoven 
fabric layer wtoch consists of melt blowing metlxxi nonwoven 
fabric (B) , honeyconi) electret filter and its manufacturing 
method. 



[aaim(s)] 

[Qaiml] Beiiig a hoiieycorrib electret filtervvliich nonwoven fa 
brie laminated sheet which electret formation is done fcming in 
honeyconb, toneyconfo electret filter which is a laminated 
sheet which it possesses aforenKntioned iioiiwovenfehric 
laminated sheet, electret-converted nonwoven fabric wiiidi 
consists of fihnsplitfiberyam(A),aiKi electret-converted 
iKOTwoven fabric wtoch consists of melt blowing method 
nonwoven febric(B) . 

[aaim2] N^nufecturing method of honeycomb electret filter 
wtich is included step wWch electret formation doing 
thermcplastic resin film, after forming electret formation filit^ 
fiber splitting doing ^d electret formation fihn forms electret- 
converted nanwoven fabric (A), stqj which electret formation 
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[0002] 
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doing melt blowing method ncmwoven fabric wiiich consists of 
thermoplastic resin, forms electret-converted iranwoven fabric 
(B), step wtech laminate doing aforementioned electret- 
converted nonwoven fabric (A) and electret-converted 
nonwoven fabric (B), forms nonwoven fabric laminated sheet, 
step >\tiich said nonwDven fabric laminated sheet forms in 
honeyconb. 

[QaimS] Manufacturing method of honeycomb electret filter 
\^ch is stated in aaim2 does theaforementioned 
laninate with thermal enix>ssing melt bonding msthod. 

[aaim4] Manufacturing method of honeyconi) electret filter 
which is stated in Qaim2 which does theaforementioned 
laninate with ultrasonic melt bonding mettxxi 

[QaimS] Manufacturing method of honeyconi) electret filter 
^ch is stated in Qaim2 which does theaforementioned 
lamination with needle punch method. 

[Description of the Invention] 
[0001] 

[Field of Industrial i^lication] This invention reg3rds toneyc 
onb electret filter and its manufacturing method Especially, it 
wasstperiorin dust coUectingproperty, at same time, pressure 
losswas low, was siq^erior in retention of trapping performance, 
it regards honeycomb electret filterand its manufacturing 
metlKxL 

[0002] 

[Prior Art] ThemetlKxl\\hichfornBiniK)nwDvenfebricpoly 
olefin, forexanple, polypropylene, with melt blowing 
method, inprinting doing direct current hi^ voltage in 
nonwoven fabric ^\hich is acquired, produces electret- 
converted nonwoven fabric by electret formation doi^g, is 
disclosed m J^an Unexamined Patent Publication Showa 60- 
16851 1 number disclosure , J^anttexamined Patent 
Publication Hei 2-1971 10 nundber disclosure etc. 

[0003] This electret-converted nonwoven fabric, fomingin fo 
r exanple , pleat, passing streamin inside. Adsorbing by 
electrostatic force , as filter \«tediit removes it has 
beemnformed rubbish, dust or other fine particle in said stream 
that you can use. 

[0004] But, as for filter which uses electret-converted nonwove 
nfebric,(l) pressure loss is hi^imddition, there was a 
problem that (2) particle lifetime is short fixMilhe plugging 
easy thing. 
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[0005] In order to solve this kind of problen^ filterwAiich beco 
mesbyfonringinhoneyconi), aforementioned electret- 
converted nonwoven febric, (Such as Japan Examined Patent 
PubUcation She 59-51323 nunber) has been proposed. 

[0006] 

[Problems to be Solved by the Invention] But, result these inve 
ntors examining, Reg^rdingthiskindofhoneycontelectret 
filter, as for being satisfiedwhichof3 points of (1) lowpressure 
loss, (2) hi^ trapping perfonnance, (3) long period lifetime 
without being possible wasascertained In case of filter for for 
example , air conditioner, it is required that pressure loss below 
mmAq, trapping performance 12 % or higher , lifetime of 
trapping performance for cigarette particle is above thelO 0. 

[0007] Ihen, objective of this invention, the honeyconib elect 
ret filter for air conditioner where to have this kind of low 
loss of pressure, it was superior in the trapping performance, 
and lifetime of trying performance wiiich covers long period, 
and it is to offer method which can produce its honeyconb 
electret filter. 

[0008] 

[Means to Solve the Problems] In order to solve aforementior« 
d problem, as for this invention, being a honeycon* electret 
filterwhichthenonwDven fabric laminated sheet which electret 
formation is done forming in honeycorrib, It is something which 
offers honeycomb electret filter which aforementioned 
nonwoven fiibric laminated dieet, is a laminated dieet vMdti 
itpossesses, electret-converted rK)nwoven fabric which consists 
of film split fiber yam (A), electret-converted iwnwoven 
fabric which consists of melt blowing mettod nonwoven fehric 
(B), 

[0009] In addition, as for this invention, as mediod in order to 
produce theaforementioned honeyconb electret filter, It is 
something which ofiers manufecturing mettod of honeycomb 
electret filter which is iiKluded step which electret firmation 
doing thermoplastic resin filn^ after forming electret 
formation fihn fiber ^littipg doing said electret formation 
fihi\ forms electret-converted nonwoven fabric (A), step 
which electret formation doing melt blowing mettod nonwoven 
febric which consists of thermoplastic resin, forms electret- 
converted nonwoven febric (B), step wliich laminate doing 
afi>ren£ntionedelectret-<x)nvertednonvvo^ (A) and 
electret-converted iKMiwoven fabric (B),forms laminated sheet, 
step\^iiich said laminated ^leet forms in honeyconib. 

[0010] You ©qDlain in detail below, concemiiig honeyconi) elec 
tret filter of this invention (Below, "filter of this invention") 
and its manufacturing method. 
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m^^tii>OL[y<p hiyv hit (B) t ^^f'SSSv-h^ 
/\-*ixtticiSff$Lr3S«ta)T!fc'So (A) is 

cfei; (B) it. g^wm<aBi/)^b>d:s*iCD'^?$)'5o mi^hti 

mi^iztt^-n^^o ^iz. xu^7 KU*:; HbA^§S-C. ^ 



(c) 7K'J;rL^7^:/SfcttmllH (B) (DS^Wc. «I4S 



(D) *^1±7KU;J-u:?-<><t. filB (A) . (B) fcckt; 

(c) t^im\itli>&t5:<tt^mto>^s^^m 



[0 0 12] C(07K'J:t'L/:7^>|^m^«:*fcttIS7K'J:?l-U 

tLXtt. flilxtt. SLmm^. a'!? 

-COOCHa^ -COOC2H5. — OCOCHg^ -O 
CgHg. -OCHgCg H5 , -COOH. -OH. -N 
Hg^ -CONH2* -COONH4^ 

[0 0 1 3] 



[00 1 1] As for filter of this invention, it is something which bee 
ones by forming in honeyconfc, laminated sheet wtoch it 
possesses electretKX)nv^ednonwDven fabric which consists 
of filmsplit fiber yam(A) , electret formation w4iich consists 
of melt blowing method nonwoven fabric (B) . This nonwoven 
fabric (A) and (B) is something wliich consists of thermoplastic 
resin themroplastic resin wAiich is used is not restricted, 
eqjedally it is possibleto use various thernioplastic resin 
Especially, electret formation being easy, in point where 
retention of theelectric charge and trapping performance is 
sqDerior, polyolefin type polymer which possesses polar 
groip, or polyolefin composition wttch includes said 
polyolefin type polymer is desirable. As polyolefin type 
polymer or polyolefin conposition wiiich possesses this polar 
group, 

(A) Copolymer ofmraiomer wdiich possess polar groip and 
-olefin, 

(B) the modified polyolefin wiiich becomes due to oxidation o 
r halogqnation , introducing polar groip into side chain or main 
chain of polyolefin, 

(Q modified polyolefin wtiichbeconesby graft copolymeriza 
tion doing themoixjmer which possesses polar groip, in 
polymer of polyolefin or aforementioned (B), 

(D) Blend of unmodified polyolefin and at least 1 kind which is 
chosen ftomtheaforementicmed (A) , (B) and (Q. 

You can list conposition which includes nixture etc of polyrae 
r alone or aboveas main component. When here, polyolefin 
conposition, it inclides with modified polyolefin airi 
unmodified polyolefin, modified polyolefin and unmodified 
polyolefin, it is possible to be something wiiichconsistsof same 
polyolefin mutually. It is possible to be something whidi 
consists of polyolefin wtiicMiflFers. 

[0012] As polar groipwluch this polyolefin type polyma", or 
polyolefin conposition wliich includes said polyolefin type 
polymer has, forexanple, chlorine atom, fluorine atom, 
bronineatom, iodiiK or otter telogpn atom; carbon^ group , 
nitro groip or other atom gro\sp ; or, below Formula : 

5 , <mH, <)H -Nm , -ooNm , -cxDONife , 

[0013] 
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[Chemical Fonrula 1] 



n)-5-NH-(i- <,i)-g-o-5- _ 

0 0 0 0 



Br Br 
(iii) -^^Br 
Br Br 



Br 



(v) -0-CH, -CFa 

[0 0 14] t?S$;K5»4^ifA<^lfbtb^)o C^LbC/DStt 



[00 14] So you can list groip etc which is displayed 1 kind or 2 
kinds or more of these polar group, rmy be included by 
theaforenEntioned polyolefin type polymer or polyolefin 
conpositioa Below, this polyolefin type polymer , or 
polyolefin conposition >\hich includes said polyolefin type 
polymer, naming, " polyolefin type composition " with you say. 



[0 0 15] ^fc. fllH (A) S14S^*r*mg<*<b. a 
f±xC (iv) xm^tii>&^^ti>2. 4. 6-hU:?p^:? 



[0 0 16] ^tz. (B) mit^tzli/\QfyitiZ<^l)r^*) 



[0 0 17] $bic. (c) ffittS^^-r^msi^^^^:? 



[0 0 18] iitiiBSEtt7Ky^u:7^x ^td±*asi±7Ky:i- 



[00 1 5] In addition, as concrete exanple of copolymer of mono 
mer which possess aforementioned (A) polar groip airi - 
olefin, You can list penta bromophei^ methacrjdate which 
possesses groip which is displayed with Formula (iii), Or 2,4,6- 
trihromopha^d methacrylate which possesses groip which is 
di^layedwithtlietype (iv), Otrifluoroeth^d methacrylate 
etc which possesses groip which is diq3layed with thetype (v), 
copolymer etc of ethjdene, propylene or othCT -olefia 

[0016] In addition, as concrete exanple of modified polyolefin 
which becomes by introducing polar groip into side chain or 
main chain of polyolefin due tothe(B) oxidation or 
halogenation , polyetl^ene , polypropylene etc, reacting 
with ozone , nitrog^ monoxide, etc oxidation it does, or 
surfece oxidation is done with corona discterge treatment by or 
other treatment, those which become forming carbon^d 
groipandnitrogroipin intramolecular, or those which 
becone by chlorination doing polyolefin, introducipg chlorine 
atominto intramolecular, can list etc. 

[001 7] Furthermore, as concrete exanple of modified polyolef 
in which becomes by graft copolymerization doingmononcr 
whidi posesses (Q polar groiq), You can list modified 
polyolefin which modification is done with modification 
monomer of theat least 1 kind which is ctesen firm 
unsaturated caibox}4ic add or derivative. 

[0018] Aforementioned modified polyolefin, or polyolefilnwh 
ich is a main conponent of inimodified polyolefin, it is a 
homopolymer of -olefin, copolymer which consists of - 
olefin of 2 kinds or more, or blend of2 kinds or more whidi is 
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chosen fiom these. As -olefin, you can Hst forexzatple, 
eth)dene, prop>4ene, 1-butene, 1-pentene, 1-hexene, iso 
pentene, 4- methyl- 1- pentene , 3- nieth>4- 1-pentene, 1- 
octene, 1-decene, 1- hexadecene , 1-octadecene, 1-eicosene 
etc. 

[0019] As concrete exanple of this polyolefin, you can list pel 
yethylene , polyprop>dene , poly- 1- butene , poly- 4- methjd- 
1- pentene, etl^enepropjdene copolymer , ethylenel- 
butaie copolymer , ethylene^- raetltyl- 1- pentene 
copolymer , propylene 1 - butere copolymer , 4- methjd- 1- 
pentenel^ decene copolymer etc. It is easy, strength to be 
higfi even among th^e, to adjust themoderate melt viscosity. 
In point where formation with melt blowing metlKxl is easy, 
polypropylene , poly- 1- butene , poly- 4- meth>1- 1- 
pentenedesirable. Eq^ecially polypropylene being ine^qjensive, 
it is easy to fonn because tte electret formation is easy, 
e^jecially it is desirable. 

[0020] In addition, as for this polyolefin, in order to show mode 
rate flow property,production of nonwoven fabric with melt 
blowing medKxl is easy. In point where nonwoven fabric which 
is si^^erior in strength isacquired, [ ], usually, those of range 
of 0.5 to 3 dl/g , preferably 0.7 to 1.5 dl/g , particularly 
preferably 0.8 to 1.3 dl/g is desirable. In this invention, [ ] is 
value \^ch is measured in 13S ^'C decalia 

[0021] (Q Modified polyolefin, in aforenrntioned polyolefin, i 
ssomething which becomes by graft copolymerization doing 
modification monomer ofthe at least 1 kird wWch is chosen 
fi-om unsaturated carbojQdic acid and derivative, modification 
doing . As for this modified polyolefin, same as unmodified 
polyolefin, or it is desirable to use polyolefin where 
conpatibihtyissiperior. As component of for example, 
polyolefin type conposition, wtei conpoation ^ch includes 
ni)dified polyolefin aid unmodified polyolefin isused. When 
using polyprop)iene as unmodified polyolefin, it is desirable to 
use polyprop)ie]ie,as startiiig material polyolefin of grafted 
polyolefia 

[0022] As unsaturated carboxjdic add or daivadve ^di is use 
d as degeiKrationmDiK)mer in order grafted to do (Q 
themodified polyolefin, anhydride, ester, amide, iiride, 
ddoride etc of for exanple , unsaturated carboxj^ic add , can 
belisted. 

[0023] As aforementioned unsaturated carbox)4ic add or concr 
ete exanple of derivative, listing the aayiic add , methacrjdic 
add, virqd acetic add, etl^l acrjiic acetic add, 2,4- 
pentadienoic acid , carboxystyrei^, maldcadd, fiimaricadd, 
itaconic add , dtraconic add , allyl succinic add , mesaconic 
add, ^utaconicadd, Nadicacid, metl^ Nadic add , 
tetrahydrophthalic add , methyl acryiate , etl^d acrjdate , 
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but>d acr>date , methyl methacryiate , ethyl methacrylate , 
butyi methacryiate , mDiK)methyi maleate , dimethyl maleate , 
monoethyi maleate , diethyl maleate , mDnometh>i flimarate , 
dimeth)^ fiimarate , monoethyi fiimarate , diethjd ftimarate , 
monomethyl citraconate , dimethyl citraconate , monoethyi 
citraccnate , dieth>4 citraconate , nDiwmethyl Nadate , 
dimethjdNadate, monoethjl Nadate , diethyl Nadate , 
^ycidyl acr>date , glycidyl methaoydate , nialeic anhydride , 
itaconic acid anhydride , citraconic acid anhydride, methyl 
hKcahydrophthalic acid , 3,6 -endo metl^lene phthalic 
anhydride, metl:^ tetrahydrophthalic add anhydride , 
acrylamide, methacrydamide , maleic acid mono amide , 
maleic acid di amide , maleic acid -N- mono ethjd anide , 
maleic acid -N,N ethyl amide , rxBleic acid -N- mono butjd 
amide, maleic acid -N,N -di ethyd amide , fumaric acid mono 
amide , fumaric acid di amide , fumaric acid -N- xwm ethyl 
anide , fumaric add -N,N -di ethyl amide , fumaric acid -N- 
moiK) butyl annde, fumaric acid -HN-<libut>d anide, 
maleinide , N- butyl maleimide , N- phen^ maleimide , sodium 
acrydate, sodiummethacryiate , potassiumacrylate , 
potassiummethacrylate etc. These can also jointly use 1 kiixi 
or2kindsormDreconi3ining. Among these maleic arf^fldride 
is desirable. 

[0024] Graft copolymerization doing above-mentioned modific 
ation mononET in polyolefin, as nEthodwhich manufectures 
(Q modified polyolefin, various metlKxis of public kno^\^edge 
can be adopted for exanple, it is possible to do with 
themethod\^ch polyolefin and modification mDnomer, 
adding radical polymerization initiator under existing of 
solventor under absence, or not adding, heating to high 
tenperature, reacts. In addition, styrene or other other viityl 
monomer it is possible to coexist at thetime of this reactioa 

[0025] Content ofmDdificationraDnomBrin(Q modified pol 
yolefin. Namely as for grafting ratio of (Q modified 
polyolefin, Usually, it is a 3 mole % or less. Eqmally in order 
to become range of 1 .5 mole % or less, it is cfearable 
tomanufacture. EspeciaUy,iisiiig modified polyolefin alone as 
polyolefin type conposition, wten nonwoven fabric (A) 
and/or nonwoven fabric (B) is formed, it is desirable for 
graftingratio tobe 1 mole % or less. 

[0026] In addition, as for intrinsic viscosity (135 °C , decalin 
)of(Q modified polyolefin, unifcninmixing of the 
unmodified polyolefin becomes easy. It possesses moderate 
flow property, in point \\iiere production of the meh blowing 
method nonwoven fiibric beccnnes easy, usually, it is a 0. 1 to 3.0 
dl/g , preferably 0.3 to 2.0 dl/g , particularly pieferably 0,5 to 1 . 
5dl/& 

[0027] In this invention, when polyolefin type conposition wh 
ich includes unmodified polyolefin and modified polyolefin it 
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uses as thepriiTBry naterial of aforeiTEntioned iK)nwo\'en fabric 
(A) and nonwoven fabric (B), content of ntxiifiedpolyolefin/ 
unmodified polyolefin in polyolefin type conposition, usually, 
is 0. 1/99.9 to 20/80 extent with the wigjit ratio. It is a 
preferably 1/99 to 5/95 extent. 

[0028] In addition, other than aforementioned nxxlified polyol 
efin and unmodified polyolefin, in rangq whichdoes not inpair 
objective of this invention, it is possible to polyolefin type 
conposition,toaMii)ine various additive. As this additive, you 
can list forexanple, antioxidant, ultraviolet absorber , 
pigment , dye , nucleating agpnt , filler , slip agent , 
antiblocking agent , lubricant , fire retardant , plasticizer etc. 

[0029] Furthermore, canmanufecture polyolefin type conposi 
tion, following to various usuahrethod, to do. forexanple, . 
aforementioi^ modified polyolefin arai/or unmodified 
polyolefin , after mixing various additive, according to need. 
Following to method which melt mixing is done, it is possible to 
do. You can list for example , ribbon blender , V type blender , 
tumbler, Henschsl mixer etcasraixer\^4iichisused In 
addition, to do making use of for exanple , single screw or twin 
screw extruder, Bariburynixer, kneader, dual roll etc it 
i^ssible melt nixing. 

[0030] As for laminated sheet whidi forms filter of this inventi 
on, iK)nwDven fabric (A)and nonwoven fabric (B) which 
consists of thermoplastic resin which designates 
theaforementioned polyolefin type composition as 
representative exanple possessing, rwnwoven fabric (A) is 
something which consists of fihn split fiber yam nonwoven 
fabric (B) is sonething^ch consists ofmelt blowing method 
nonwoven fabric, nonwoven fabric >^hich forms both layers, is 
something\\hich becomes by electret formation being done . 
nonwoven febric (A) and nonwoven fabric (B) may be formed 
with thermoplastic resin which consists ofthe same conponent. 
It is possible to be fonxed with thermoplastic resin which 
consists of co^ponent^\hich differs. 

[0031] Aforementioned nonwoven febric (A) is something \s4ii 
ch consists of film^lit fiber yara fiber splitting doing 
thermoplastic resin film, if it is something which is produced, 
themanufiicturing method especially is not restricted 
thermoplastic resin ^ch designates for exanple, 
aforementionBd polyolefin type conposition asthe 
representative exanple is melted with extruder, extrusion doing 
fi"om circular die, fihnit forms. This fihn with slitter is cut oflF 
inconstant width, or without cuttii^ off, fiber flitting doing 
fihnby drawing doing above elongation, itproduces ^lit fiber 
yam Next, with for exanple , carding or other equipment in 
transverse direction of sheet di^^ersion doing tfais^lit fiber 
yam,inunifonn Next, it can produce by with such as 
preferably enijossing roll pressure bonding doing. 
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[0032] As for this nonwoven fabric (A), it is a electret-convert 
ed riDnwven fabric which average fiber diameter of single fiber 
being20to60 n% at same time , is above apparent weight 
10 to 30 g/nt2 , bulk density 0.05 to 0.2 ^cni3 , aixi average 
surface chargp density 0. 1x10-9 Qcmz. Here, electron 
microscope ptotograph (500 time) of fiber sample surfece 
photography it does average fiber diameter of the single fiber, in 
this invention, it chooses fiber of 3 Ooptionally on 
photograph ^^^lich is acquired fiber diameter ofeach fiber is 
measured making use of calipers etc. Calculating mean value of 
measured value of each fiber diameter, it is a value v^ichis 
sou^. 

[0033] In addition, it is possible to do electret-foming process 
of nonwoven fabric (A), at thetime of filmmolding. After 
forming it is possible to do nonwoven fabric with method which 
thesaid nonwoven febric electret formation is done. VAien here, 
it does at time of fibnmolding, because it is superior 
inefficiency of electret forraatioa trapping performance, 
becomes satisfactory in conparison with case wtere theelectret 
formation it does nonwoven fabric after foming, is desirable. 

[0034] Imprinting doing direct cunrent voltagp in nonwoven fa 
brie or filra^ to do it is possible theelectret formatioa as for 
direct current voltage wliich inprinting is done, electrode sh^ , 
electrode spacing etc vAich is used. In addition, following to 
charging amount of electric charge , process rate etc winch is 
required to the electret-converted nonwoven fabric, it is selected 
appropriately. When foreanple, electrode spacing is 8 mii\ 
inprinting doing direct current voltage of -5 kV , preferably - 
6 to -20 kV atleast in nonsvoven fabric, it is possible to do. 

[0035] Following to aity method, it is possible to do imprinting 
of direct current voltage,especially is not restricted for 
example , method whidi nonwoven fabric or filmpassing 
between pair of el ectrodes wliich throu^ direct current voltage 
inprintingisdone it does. ; method which adds corona 
discharge , pulse high voltage to surface of nonwoven fabric. ; 
method etc which keeps both fiont aid back sides of 
iK)nwDven fabric with otherdielectric, adds direct current high 
voltage to both surfaces, It is possible to do with any method 
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[0036] Furthermore, melt blowing mBttod nonwoven febric win 
ch forms nonwoven fibric (B) first, thermoplastic resin , 
prefCTably polyolefin type conqposition which before was 
inscribed, sipplying to extruder etc, heating and melting, 
kneading, extrusion it does as microsco[nc resin stream fixm 
die for meh blowing wtrichpossesses irdtiplepore. Contacting 
with heated g^s stream of hi^ speed to cool resin stream winch 
waspushedout, solidification doing, forms in discontinuous 
fiber of micToscopic fib^ diameter, can produce by 
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accunidating this fiber on porois sipport. 

[0037] As for heating tenperature in melting and kneading of 
polyolefin type cxmposition, It is adjusted appropriately by 
melting point of polyolefin which is amain component of 
polyolefin type compositioa polyolefin fonring, decrease 
nx)lecular wei^ reduction it does not do, nonwoven 
fabricwhich possesses satisfactory mxhanical strength is 
acquired In addition, melt viscosity of polyolefin type 
conposition >^ch is nelted beingnixlerate, poirt where nrElt 
molding becomes easy. Lfeually, 200 to 350 °C extent , 
especially, it is desirable to do in range of the220 to 300 °C. 

[0038] Melt nixing of polyolefin type composition and extrusi 
on amount of extrusion, usually, are thelO to 130 kg/h extent. 

[0039] In addition, die for melt blowing which is used, is sorrethi 
ng which thepolyolefin type conposition which is melted 
pore which discharges in eixi lip, the large nuni^er it possesses. 
Lkually, it is something of wicMi 1000 to 2000 mm This pore 
is installed, in end lip, usually, 800 to 3000. tole diameter, 
usually, is 0.5 nmextent. 

[0040] In addition, in die for melt blowiiig, as for molten poly 
olefin conposition, it contacts with heated g3S of hi^^)eed, is 
divided, draft being done with molten state, as it is prolonged 
to fiber lengdi direction,fiffthermDre fining of fiber dianEter 
advances. Because of that, die for melt blowing, possesses 
equipment wlrich introduces heated g^s stream of the hi^ 
speed, polyolefin type conposition and heated g^s stream 
wiiich with inside of die or outside of die, is melted contacting, 
forms in rricroscopic discontinuous sin^e fiber. This 
equipment, may be something which becomes by arranging 
qjray outlet of heated g3s stream in inside of diefor melt 
blowing , it i^sable to be something which becomes by 
arranging q>ray outlet of heated gas stream, in order to blow 
heated g^s streamto polyolefin conposition which is melted in 
endlipoutsideofdiefi>r nelt blowing . 

, [0041] Heated g^s is not restricted especially, hot air is used gpn 
erailyinthe point of cost. It is possible to use inert gas which is 
heated in order to preventthe deterioration of polyolefin type 
conpositioa tenperature of heated gas streamusually, with 
200 to 360 °C , particularly preferably 230 to 310 °C it is 
desirable for 10 °C extent to be at least hi^ierthan 
theteiiperatureofpolyolefincQirposition which is melted In 
addition, as for flowrate of heatol gas strean\ usually, it is 
desrabletobeal00tD600nysec and especially 200 to 400 
m^sec extent. 

[0042] Accumulating microscopic discontinuous sii^e fiber vM 
ch discharges fi-omdie for melt blowuig,on porous sipport. 
n^lt blowing method iK)iiwoven fabric of web can be acquired. 
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As this porous sipport, it is possible to use mesh strtKmire etc 
which consists ofthe forexanple, stainless steel , polyester 

etc. 

[0043] As for this nonwoven febric (B), as for average fiber of 
single fiber, rnoderate air penrreabilitypossessii^ In point 
where dust collecting property for microscopic powder dust is 
satisfactory, usually, it is a 0.5 to 1 0 m extent, is a range of 
particularlypreferably 1 to6 m fiber length, usually, is 50 
to 400 mm extent. In addition, bulk density is 0.05 to 0.40 
g^cntJ extent, apparent wei^ has moderate air permeability, 
the nonwoven fabric \^liere strength is hi^ is acquired In 
addition, in point wiiere scatter of local apparent weight is little, 
usually, it is a 5 to 100 g^nC extent. Range of especially 10 to 
80 g^mz is desirable. 
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[0044] Furthermore, thickness of nonwoven fabric (B) isdecid 
ed, following to the apparent wei^ and bulk density,, but 
usually, it is a 0. 1/0.7 mm extent. 

[0045] As for electret fomstion of this nonwoven fabric (B), i 
t is possible to do with method wliich is similar to electret 
formation oflhe aforementioned nonwoven fabric (A). 

[0046] Furthermore average surfece charge density of nonwove 
nfabric (B), in point wliich can ^wthesufficient dust 
collecting pisrformance as electret, usually, is above 0.1x10-9 
Qcnc. It is a preferably 0.3 to 5x10-9 Ocmz. 
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[0047] In addition, as for limiting viscosity [ ] (135 °C , de 
calin ) of thermoplastic resin winch forms singje fiberwhich is a 
constitient material of electret-converted nonwoven fabric 
(B), Itisa0.3tol.5dl/g,isa preferably 0.5 to 1.0 dl/g. 

[0048] Laminated dieet wliich forms filter of this invention afo 
rementioned nonwoven febric (A) with is something which 
possesses ncHiwoven fabric (B). laya-configMrationof 
laminated sheet, can take constitution of iK)nwoven fabric (B)/ 
nonwoven fabric (A) / nonwoven fabric (B) and nonwoven 
fabric (A)/m)nwovenfiibric (B)/ nonwoven fiihric (A) in 
addition toconstituting iwnwoven fabric (A)/rK)nwDvenfehric 
(B). laninatedstnxrture which becomes nonwoven fabric (A)/ 
nonwoven &bric (B) , is most desirablein point which can 
achieve objective of this inventioa 

[0049] In addition, tMckness where noriWDven fabric (A) in la 
ninatedsteet is desirable isdie 0.1 to 0.5 mm thickness where 
nonwoven fabric (B) is desirable is 0. 1 to 0.7 nm thickness 
vAtexe laminated noiiwovenfibric sheet entirety is desira^ 
2tolmni 

[0050] Production of laminated sheet, winds afbrenentioned no 
nwovenfiteic (A) aid nonwoven fihric (B),re^)ectivelyinFoU. 
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FromroII drawing out re^Dective nonwven fabric with same 
velocity. Si^jplying to eqmpment ^^tuch laminated laya* 
integration is done, laminated layer it does^ method which 
retracts laninated sheet winch is acquired can beadopted In 
addition, vAisn iwnwoven fabric (A) forming, introducii^ 
nonwoven fabric (B) intothe molding equipment in 
siixultaneous^ laminated layer is done also method A^ch can 
adopt both. 

[005 1] for exanple , hot roll , ultrasonic mek bonding etc can 
be listed as equipment in order laminate integration to do the2 
nonwoven fabric. It is desirable to do lamination, with hot roll 
method with enix)ssing roll whichheatsbothnonwovimdieets 
to 1 10 "^C to 140 °C In addition, laminate it is desirable with 
condition of frequency 10 to 50 KHz , horn pressure 2 to4 
l^cnSregarding ultrasonic melt bor^iing, to do. Among these 
laminate nEtkxl, because stiffi^ss of molded article is hi^ 
honeyconb moldability in point where satisfactory laminated 
sheet is acquired, thermal ernbossing melt boiKlingrnethod 
^^iiose disappearance of electric charge is little is moredesirable. 



[0052] Filter of this invention, is something which becomes by 
aforementioiied laminated ^leetforning in horieycorrib . 
E^)ecially it is not restriaed this laminated sheet as method 
viiich forms inthe honeyconb. for exanple , aforementioned 
laminated dieet in constant width after slit,foIding, or are bent 
m continuous. Forming pleat in entire surface of nonwoven 
dieet, it can give thickness. You can Ust method >\ttch forms 
structure ^\hich possesses multiple continuous ^ce , namely 
honeycomb cell. As for glueing of contact of laminated sheet, 
it is desirable to adheremutually by melt adhesion doing 
adhesive and laninated sheet. 

[0053] As manufacturing method of this honeyconib cell, as sh 
ownin forecanple, Figure 1 (a), laninated dieet 1 
wliiclpossesses nonwoven febric (A) aid nonwoven fabric (B) 
is bent to continuous, it produces 1st sheet 4 ^\hich it possesses 
continuing multiple ridge 2and valley 3 . This 1st dieet 4, is 
SLQ^erposed to flat 2nd sheet 5 vAich consists of laminated 
sbeetwhich possesses nonwoven febric (A) and nonwoven 
fabric (B). Gueiiigbottompart6of v£dley3tosurfaceof2nd 
sheet 5, as diown inthe Figure 1 (b), it produces constituting 
unit?. Asnext,iiecessaiyiiun±)er of layers after producing this 
kmd of constituting unit 7, shownin Figure 1 (c), first 
constitution unit 7l aiKi second constitution unit 72 lamiiated 
layer aredone. It^ueshead8ofridge2of first constitution 
unit 71 , to bcttomsurface of the secmd constitution iinit 72 . 
Furthermore, on constituting unit 72 of 2nd, laninated layer 
doing constitutingunit 73 oflhe 3rd insane way. It^ueshead 
of ridge of constituting unit 72 of 2i^ to thebottomsurface of 
constituting unit 73 of 3rd This laminated layer and bonding 
stepoverag^ia Orconi}inationofpairvi]ichlstsheet4and 
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2nd sheet laminated layer isdone lar^ nurrber is fonrEd. 
Necessary nunter of layers repeating confcination of pair, you 
canlist nsthod \^ch forns structure \^4iich possesses nultiple 
honeyconi) cell 9. 

[0054] As for filter of this invention, thickness of toneycorrib 
5 to 20 mm . shape of unit cell of honeyconi), is kind of 
something which isshown in Figure 1 . Usually, height of cell 
baseof 1 toSmm, cell is something ofthe 2 to 10 mm 

[0055] 

[Working Exanple(s)] Next, listing Working Exanple, fiirther 
more you e?q)lain ttes invention concretely,but if this 
invention does not exceed gist, it is not something whicMs 
restricted in these Wcnidng Example. 

[0056] (Working Exanple 1) Polypropylene (A) 97 parts by w 
ei^ which is a density 0.91 g^cm3 , ard MFRSOOg^lOmin ( 
ASTM D 1238), maleic anhydride-modified polypropylene 
(B) (graft amount :17 wei^ % , intrinsic viscosity :03 dl/g of 
maleic anhydride) 3 parts by wei^, mixing with tunfcler 
blender, polyolefinconposition (composition!) was 
manu&ctured conteit of maleic anhydride in this composition 
I was 3.9x10-2 mole%. 

[0057] Next, to throw this conpositionl to sin^e screw extrud 
er of screw diameter 65 nmdianKter, melting with the3 10 °C. 
From die for melt blowing which is connected to end of the 
extruder, extrusion it does with extrusion amount of 20 kg^ 
takeip , with take-ip speed 13 n^min, melt blowingmethod 
nonwovenfebric it formed . As for die for melt blowing wtiich 
you use, molding hole ( hole diameter :0.5 mm diameter , hole 
^dng :0.8 mm) in the2 line is opened with diewidth:1.3m 
over die entire width. In addition, hot air of 320 ^Ciigection 
was done to diefor melt blowing, with flow of 500 nfi/hr at 
timeofthisfoming. 

[0058] As for thickness of melt blowing method nonwoven fibr 
ic winch it acquires 0.49 mm. As for apparent wei^ as for 30 
g^mz, bulkdOTsityitwasa0.067g/cnB. In addition, observing 
fiber wiiich forras melt blowing mettod nonwoven fihric with 
microscope,when it measured averagp fiber diameter, it was a 4 
m Furthemx)re, [ ] of resin wiiich fiinms this fiber was 0. 
58dl/& 

[0059] Next, this melt blowing method nonwoven fabric, in Ion 
gitudinal direction arranging needle electrode into 2 linewith 5 
mminterval, in cterging equipment wliich becomes by 
constituting, wiiileinprinting doing direct current voltage of 
- 1 8 kV, with velocity of the20 nVnin passing in continuous, 
electret formation melt blowing n£tk)d nonwoven fabric was 



ISTA's ConvertedKokai(tni^, Version 1.2 (There maybe errors in the above translatioa ISTA cannot 
be held liable for any detriment fi:omits use. WWW: http://www.intlscience.com Tel:800-430-5727) 



P.14 



Jp 95144108 Machine Translation 



[0 0 6 0] #btLfexU^ hb*y Ht^ )[^Vyo->)i^ 

m^(D^^mmm^^s.mi^Uztzi. i. 2x10-9 



produced 

[0060] When average surface chargp density of electret foniBti 
on melt blowing method nonwoven fabric which it acquires was 
measured, it was al .2x10-9 QcntZ. FurttmnDre, 
measurement of this average surface charge density Institute 
for Physical and Chemical Research (RIKEN) make used 
thesurface charge density measuring apfwatus. Contacting 
nonwoven fabric surface, it did electrode probe of surface area 1 
cmz. 
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[0061] Mixing polypropylene ( Mtsui Petrochemical Industrie 
s,Ltdmake, HipolB200and MFR:0.5g^l0min) 9000g, 
polycarbonate ( General Electric Co, make and Lexan 101) 
SOOgarrimaleicanhydride-rnodified polypropylene (amount 
of grafted maleicanl^^de : 3 wt%) 500& itmanufactured 
resin conpositioa 

[0062] Svqjplying resin conposition which it acquires, to inflati 
on fiLnmolding machine ( Todiiba Machine Ltd make). With 
240 °C, it formed in fibnof diickness 30 m Next, with 
hot plate wliich is heated to 135 °C, in machine direction 
thedrawing doing this filn^ with draw ratio of 6. 6-fold drawn 
film was acquired Next, applied voltagp -9 kV ( direct current 
), corona discharge of electrode interval :8 mm extremely 
sipplyingthedravmfiln\withresidenDetime 0.5 second Afta* 
administering charging, applying on sharp peak diape roll, 
fiber splitting itdoes in mesh, electret formation split fiber 
yam whidi is acquired was retracted in paper tube. TWselectret 
formation split fiber yam with cutter is cut off in 90 mm 
Opening cotton doing with cotton q)ener, it acquired the 
electret formation raw cottoa 

[0063] Next, sipplying this electret formation starting fibei: to 
web-fonring machine, it formed in web. 

[0064] Si^jplying to thermal endbossing roll which sets this web 
and aforementioned electret formation melt blowing method 
nonwoven fabric, tothe 130 \Wth bonding pasting 
together, laninated sheet of electretKX)nverted nonwoven 
fabric of apparent wei^ :25 g^nc , thickness 0.32 mm was 
acquired 

[0065] Next, following to step wiiich shows this laminated ^leet 
in Figure 1 (a) to (c), it consists of honeyconi) dieet of 30- 
stage. toneyconb electret filter which 70 it possesses 
honeycomb cell of base 4.2 mm, hei^ 2.7 nmwa^oduced 
Ifaishcnieyconi) electret filter is cut oflT. Vertical 70 mm, 
filter for test of ade 297 mm, thickness 5 mmwas drawn ip. 

[0066] FoUowii^ trapping efficiency of filter for this test, to be 



ISTA's CQnvertedKokai(tra^, Version 1 .2 (Tbere may be errors in the above translation. ISTA cannot 
be held liable far any detriment fixmits use. WWW: http://wvw.intlscience.com Tel:80a430-5727) 



P.15 



aP 95144108 Uachine Translation 

[0 0 6 7] }*«Ja^(D;H£ 

il2lc«^BS^^t«ts$ffll^rt«^^a^^^;fll^Lfco s-r. 

^■(*uti:0. 3/im) ^ xr-:7 < ;U^i- 1 2 LT;^ 

3I^(DN a C I (DSg^^-S (2-6X1 O^MXc 
m3) iCtCofcft. 9a?lSSl 4lCcfcy. ^-VV/^-l 3(D 

saiiL. ^-i-^u^-iiigaa/j^-sag (v = iocm/s 

ec) <5:t*:ofcB|a):7-<;u^-M5Pt2 5(D±SiEi 6fc<i:i;T 

ai 7fllfCi3tt'5NaC I JB?-SgCinfc<l:t;Cout ^-ftl 

('J:l-:^a§!i. kc~oib) 
UlLMzc i9fi3Egt+. 2 0li3SSiaiff/^^u:7'r?$)'5o 



liMJa^E= (1 -Cout /Cin) XI 00 [%] 

[0 0 6 8] &:h^9za)m^ 

mKH (ajfi/\*ox;n±s. KD1 4 6) itna 



[0 0 6 9] :7-f;u^»— #^(0/102 

ic, aK7^ii/^^-$xT3>p«qfcir*:^ hU. ?i2 i 

(DMS^. «^att (SgBBf4^ ii. P-5) $ffiL>r;l 
SLfco ataic. :7^;i.^i-$xTa><cir*v hLtCL>ttffi 
•e. fl2ipg|C'9/^ni2^:^»S^$lJ-fci:*rr|g^-rs«l$ 
JiALfc*. x7zi>22^^^Sft$-fr*)3asgg(Oi/2i:3tj: 



[0 0 7 0] (gjfifiij2) mmm^<DmfSL^ wzi^i^x. ?k 



low-nEntionednKthodjitnieasured Also each time 5 it 
indicated nEasurement result, >vith mean value of themeasured 
value. Result is shown in Table 1 . 

[0067] Measurement of trapping eiiiciency 

Trying effi ciency was measured making use of equipment whi 
ch stows outlinein Figure 2. First, it supplied inside chanter 13 
which introduces clean air theNaQ particle ( particle diameter 
:0.3 m), via air filter 12 firom aerosol generator ( Mhon 
Kag^ku Kogyo Co., lid supplied ) 1 1 . After coiKcntration of 
NaQ inside said chaniDer 13 becomes fixed (2 to 6x106 /cm3 
), with suction equipment 14 , throu^ filter sanple 15 which 
is arranged inbottomofthe charrber 13, it absorbs in direction 
of arrow A. When filter-penetrating air speed becoming 
constant rate (v=10cnysec) , NaQ particle concentration 
Cm and Cout in ipstreamieand downstream 17 side of filter 
sample 25 is measured due to there^)ective particle counter ( 
Rionsnpplied,KC-01B) 18a,18b. trapping efficiency was 
sou^ with below Formula As for 19 as for flowmeter , 20 it 
is a flow-regqlating valve. 

Trying efficiency E= (1- Cout / Cin ) xlOO [ % ] 
[0068] Measurement of loss of pressure 

Makiiig use ofdiflFerential pressure gauge ( Yamatate Honeywel 
1 stpplied , KD146), it did in measurement simultaneous of the 
trapping efficiency. 

[0069] Measurement of filto* Ufetime 

As stown in Figure 3, in inside of box 21 of acrjdic resin of the i 
ntemal volume 1 nQ, equipment wiiich installs commercial air 
conditioner ( Matsushita Electrical Industrial Co., Ltd. make , 
Eolia ) 22and agitating fan 23 was prepared Next, test filter is 
set inside air conditioner, irgection after doing, aiDkewliidi 
burning, generates cig^retteinside box 21, It measured 
attomationofsni^e concentration inside box21,maIdnguse 
ofthe powder dust meter (Shibata science Ltd make and P-5). 
First, with state wlrich does not set filter to air conditioner, 
iigection after doing, smoke wiuch when burning, goierates 
ttetobacco 1 inside box21. air conditioner 22 operating, it 
seeks half-Ufe which becomes 1/2 of theinitial stage 
concoitration, mokes blank value, ci^rette q^ecified nuni)^ 
burning, collecting smoke winch occurs in thefilter. When, 
halflife of amount of powdo* and dust inside box arriviiig to 1/2 
ofdifference of blaidc value and initial vali^, integrated nunber 
burned of cigarette is designated as thelifetitne of filter. 

[0070] (Working Exanple 2) In composition I of Working Exa 
nplel, other than modifyiqgtbenix ratio of polyprop>4aie 
(A) / ( maldc anhydride grafted polypropjdene (B). ) in 95/5, 
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electret-converted ncMiwoven febric is produced to arrilar to 
Working Exanple 1 , Furthermore, filter was drawn up. 
content of nBleic anhydride in conposition which is used for 
conpilationof filter was 6.5x10-2 mDle%. as for bulk 
density offilter which is acquired 0,065 g^cni3 . As for 
averagp surface charge density 1.4x10-9 Qcm2. Asfor[ ] 
of resin wluch foms fiber 0.57 dl/g , average fiber diancter 
was 4 m In addition, initial stagq performance of filter , 
and tobacco lifetinE were measured Result is shown in Table 1. 
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2, 6 k g / c m2 . JiiSa : 2 0kHz. MSiig : 2 5 
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[0071] (Working Exanple 3) In place of filter which is accpired 
with HEthod of Working Exanple 1, Otter than using 
laninated iwnwoven fabric sheet wiiich is acquired with 
ultrasonic treatment ( processing condition ; horn pressure :2.6 
kg/cmz , firequency :20 KHz , process rate :25 nVnin) by 
laminate doing electret-converted nonwoven fabric (A) and 
electret-ccMivertednonwovenfebric (B), doing in same way as 
Working Exanple 1, it produces filter, initial stage 
performance of filter, and cigarette lifetime were neasured. 
Result is diown in Table L 

[0072] (Conparative Exanple 1) In place of filter of Working 
Exanple 1, other thanusingpnly electret-converted nonwoven 
fabric wliich is acquired fi-om split fiber yam , hoiKycorrb 
electret filter was produced to similar to Working Exanple 1 . 
as for bulk density of filter which is acquired 0.092 g^cnfi . 
basis wei^ was 25 g^cntz. Inaddition, initial stage 
performance of filter , and tobacco lifetime were measured 
Result is shown in Table 1 . 

[0073] (Cbnparative Exanple 2) In place of electret filter of 
Working Exanple 1 , other than using only electret-converted 
nonwoven fehric (B)wluch is acquired with melt blowing 
method, toneyconfc electret filter was produced to similar to 
Working Exanple 1 . as for bulk density of filter which is 
acquired 0.067 g/'cnB. Asfor qjparent weigirtasfor25g^cni2, 
average surface charge density it was a 1.3x10-9 Cycmz. In 
addition, initial stage performance of filter, and tobacco 
lifetime was measured Result is ^wnin Table 1. 
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[0075] 

[Effects of the Invention] Honeyconi) electret filter of this inv 
ention consists of 2 layers or more of 
aforenEntionednonwovenfehric (A) aiKlnonwoven fabric (B). 
In conparison with honeyconi) electret filter vJUch consists of 
only conventional melt blowing inethodnonwoven fabric, 
pressure loss is low, at same time tn^ing performance is 
siperior. In addition, \^ten you conpare to filter v^iiich is 
formed with thenonwoven fabric wliich consists of 
conventiQnal ^lit fiber yam, long period lifetime of trying 
performance is siperior. 

[0076] BecaiBe of that, as for honeycomb electret filta: of this 
invention, iitibzingtheabove-msntioiffid feature, can use for 
ideal as air conditioner , air cleaning machine, vacuumcleaner , 
fanheater and or od^r air filter for goieralair conditioner, 
automobile interior. 

[0077] In addition, as for honeyconib electret filter of this inve 
ntion,whenitusesas airfilter, trying perfoimance of initial 
stage not only hi^ trapping performance continues. Because 
lifetime of filto: is long, it is usefid. 

[Brief Explanation of the Drawiiig[s)] 

[Figure 1] Figure \\inche9q)laimprindpal step of manu&ct^ 
g method of thehoneyconb electret filtCT of this invention. 

[Figure 2] Conceptual diagram which explains measurement m 
etbxl of trying efficiency which was done in theWorking 
Exanple and Gonparadve Exanple of this invention 
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[Figure 3] CorK:eptual diagram which explaimneasurernen^ 
ethod of filter lifetime wiiich was done in theWorking Exanple 
and Conparative Exanple of this inventioa 

[Explanation of Reference Signs in I>awing;s] 

1 laninated sheet 

2 ridgp 

3 valley 

4 1st sheet 

5 2ndsheet 

6. bottom of valley 3 
7 constituting unit 
8. topof ridge2 
9 honeyconb cell 

11 aerosol generator 

12 air filter 

13 chamber 

14 suction equipment 

15 filter sample 

16 . ipstreamof filto: sanple IS 

17 . downstreamof filter sanple 15 
18a, 18b particle counter 

19 flowmeter 

20 flow-regqlating valve 

21 box 

22 air conditioner 

23 agLtafingian 
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